The hormonal control of gluconeogenesis by regulation of mitochondrial pyruvate carboxylation in isolated rat liver cells.
The possibility that hormones control hepatic gluconeogenesis via the regulation of the rate of mitochondrial pyruvate carboxylation was investigated with the use of suspensions of liver cells isolated from fasted rats. The mitochondria prepared from liver cells were judged in good condition as they exhibited satisfactory phosphorus-oxygen and respiratory control ratios and transported Ca2+ and K+ ions in an energy-dependent manner. Addition of glucagon, epinephrine, or cyclic adenosine 3':5'-monophosphate to liver cells caused a 50 to 80% increase in the rate of glucose synthesis from lactate. When mitochondria were isolated from the cells after treatment with these agonists, they displayed 2- to 3-fold increases in the rate of pyruvate carboxylation, pyruvate decarboxylation, and pyruvate uptake. These mitochondrial changes are similar to those obtained in hepatic mitochondria prepared from intact, hormone-treated rats. The mitochondrial responses were specific for agents that stimulated gluconeogenesis; no response occurred with 5'-AMP or cyclic adenosine 2':3'-monophosphate. In the cell suspensions, the dose response curves for the activation of mitochondrial pyruvate metabolism and for increased glucose synthesis from L-lactate were coincident with four different agonists. The mitochondrial changes resulting from stimulation with glucagon developed in 1 to 2 min after the rise in cyclic adenosine 3':5'-monophosphate and occurred at least as early as the increase in the rate of gluconeogenesis. When the intracellular level of cyclic adenosine 3':5'-monophosphate returned to basal values, the rates of mitochondrial pyruvate carboxylation and glucose synthesis also declined to control levels. It is concluded that the rate of mitochondrial pyruvate metabolisms can be increased by hormones and cyclic nucleotides and that control of mitochondrial pyruvate carboxylation is an important regulatory site of hepatic gluconeogenesis.